Abstract. In order to investigate the effects of lager notch ratio (2α/W) and loading rate on the tensile behavior of woven fabric reinforced flexible composites, in this study, fracture mechanism and tensile strength of finite woven fabric-reinforced flexible composite materials with a through-the-thickness symmetrical located double edge notches is experimentally investigated, and the effects of notch size, loading rate on the tensile properties of notched specimen are analyzed. The results show that the woven fabric reinforced flexible composites exhibit notch sensitivity and loading rate dependent. These results play an important role in predicting strength and evaluating the lifetime of textile reinforced flexible composite materials with double edge notches.
Introduction
Textile-reinforced flexible composites, usually called coated fabrics or laminated fabrics in textile industry, have been widely used in many engineering structures due to their excellent mechanical proprieties. Now days, the flexible composites have been widely applied in many fields, i.e. civil engineering, architecture, aerospace engineering and other inflatable structures [1, 2] .
In the practical use of the flexible composite structure, some geometrical discontinuities like cutouts and holes are necessary for some functions, such as joining of riveted and bolted joints, and the failure of notched components is governed by the stressed in the vicinity of the crack tip [3] . Due to redistribution of stress around the discontinuity area and the no-homogeneous and anisotropic nature of textile reinforced flexible composites, the stress-strain relation of notched composite is very complicated. Therefore, the study of strength and fracture of notched composites will play an important role for better designing and evaluating lifetime of composite structures.
In practice, the tension strength with notch is an important parameter for textile reinforced composites, since it is can be a limiting factor in design. It is also difficult to characterize and predict through analytical or numerical methods since there exists a wide variation in experimental results depending on testing configuration [4] . In recent years, the majority of researches have been performed on the tensile behaviors and propagation of cracks and notches in flexible composites reinforced by woven fabric [5] [6] [7] [8] [9] [10] and no-crimp fabric [10, 11] . Furthermore, for flexible composites with cracks, the fracture models and energy release rate analysis were also employed to predict failure loads [5] and evaluate the fracture toughness [12] . These investigations were mostly concerned with the tensile behavior of the textile reinforced flexible composites with relatively small notch ratio and low loading speed under uniaxial, biaxial and multiaxial tensile loading. This paper deals with the mechanical behavior of flexible composites reinforced by woven fabrics for tents and outdoors purpose, and aim at experimental investigate the relationship of notch strength and notch size within high notch size ratio. Therefore, the effect of loading rate on the notch strength was also investigated.
Materials and experimental procedure
The double edge notch tensile (DENT) specimens were made from plain weave polyester woven fabrics with a PVC coating. Yarn count was 111.11 tex (1000 denier) and fabric count was 16*15 /inch. The thickness and density are 0.52 mm and 670 g/m 2 , respectively. All cracks were made with a fresh razor blade. Fig. 1 shows the Geometries of the double edge notched tensile (DENT) specimen and the loading condition.
In this test, the size and width of the specimens was kept constant, while the pre-notch size and loading rate varied. The following test conditions are considered in the test: one is to change notch size 2α when the loading rate υ remains constant, i.e. υ=5 mm/min, 2α=0, 2, 6, 10, 14, 18, 22, 26, 30, 34, 38, 42 and 46 mm, respectively. The other is to change the loading rate when the notch size remains constant, i.e. 2α=22 mm, υ=5, 10, 50, 100 and 200 mm/min. For each case, three identical specimens are tested and the results are average with the standard deviation indicated.
Fig. 1. Geometry of the tested specimens
After installation of each specimen, tests were carried out on a universal mechanical tensile test machine at room temperature. The specimens were uniformly loaded in tension to fracture. During each test, relationship between load and corresponding displacement were continuously recorded in time by an automatic data acquisition system using a microcomputer.
Results and discussion
Fracture mechanism of notched specimens. A typical notched specimen that fails around the notch can be seen for a notch size of 22 mm notched specimen in Fig 2. Based on observation, the damage progressive process can be divided into following stages, i.e. initial stage, notch opening, crack initiation and notch propagation, and final failure. When the load applied increases, it is observed that the progressive elliptic plastic zone near the tip of initial notch developed (see Fig.2 (2) ), which indicate the loading of specimen blunted the notch tip, and the plastic zone continues until the elliptical shape is fully developed. Up to a certain amount of specimen extension, the matrix cracks were imitated at the tip of notch, the warp fibres bridge the crack propagation and for the cracks to extend the stored elastic energy must do work for shearing the matrix parallel to warp and weft fibres. And then, with applied load increasing, yarn breaking occurs
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Energy Research and Power Engineering near the notch tip when the load reaches a critical level (see Fig.2 (3) ). For all notched specimens, crack propagates parallel to the fill direction and in a progressive mode. During the process of notch propagation, warp yarns in the plain woven fabric gradually failed in tension (see Fig. 3(7) ). Tensile curves of notched specimens. Fig.3 illustrates load-displacement diagrams of DENT specimens under various notch sizes. Based on the shape of tensile curves, the conclusion can be drawn that the failure model can be described by brutal and progressive models depended on initial notch size. For smooth specimens and notched specimens with short notch size, the failure model is described as "brutal", it occurs suddenly without obvious notch propagation. And for longer notch size specimens, the failure model is described as "progressive", initial notch propagates alternately on each side. The Fig.3 also show that the tensile curves during notch propagation exhibiting obvious multi-peaks characteristics. notch sizes It is observed that the maximum force supported by a sample decrease with the increase of the initial crack size. This is due to the fact that the number of cracked yarns increase when crack size increase. The results in Fig. 3 also indicate the material behave a non-linear manner up to a tensile load before notch propagation at the tip of notch.
Influence of notch size on tensile strength. Average gross-and net-section strengths for each notch size are summarized in Table 1and Fig.4 . The gross-and net-section strength were calculated using the Equation (1) and (2), respectively.
(1) 
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Due to tensile curves of notched specimens exhibiting obvious multi-peaks characteristics, the threshold force of notch propagation F threshold was determined, based on the method proposed in previous paper [13] . Fig. 4 show that the gross-section strength is reduced by the presence of increasing notch sizes, which indicates the tensile strength of the tested material, is sensitive to the presence of edge notches. A 92.31% reduction in gross-section tensile strength is observed for a notch size 46 mm compared with the un-notched specimen. The net-section strength is reduced from 93.38 to 44.26 from notch size of 0 mm to 22 mm, but no further reduction is observed as the notch size increase to 46 mm. this critical notch size will be influenced by specimen boundaries, which have an effect on the stress intensity factor, and therefore only applicable to the current data set. Influence of loading rate on tensile strength. The notched net-section strength is summarized in Table 2 . The net-section strength is plotted in Fig. 5 . Based on Fig. 5 , it can be drawn that the net-section strength increases with increasing of loading rate, which can be contribute to the free fibre inside the yarns have no enough time to reorient themselves and the matrix will crack in a brittle manner [14] . The experimental results indicate that the notched woven fabric reinforced flexible composite exhibiting rate sensitivity.
By analyzing from the net-section strength and loading rate, it can be found that the relationship of net-section strength and loading rate can be expressed by the Equation (3). 
Conclusion
In this experimental investigation, the effects of notch size and loading rate on the tensile behaviour of a woven fabric reinforced flexible composite are investigated. The experiment results show that the woven fabric reinforced flexible composite exhibit notch sensitivity and the notched specimens exhibit rate sensitivity. For specimens with shorter notch size, the failure model can be described as brutal, and for specimens with longer size, described as progressive. 
